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(54) WAVELENGTH SELECTING OPTICAL DETECTOR 

(57) Abstract: 

PROBLEM TO BE SOLVED: To attain a wavelength 
selecting detector which is small-sized, increases 
integration, and is superior in a wavelength 
distribution power to enhance characteristics of 
an optical system by providing drive means for 
variable-controlling a distance apart from first 
and second distributing Bragg reflectors. 
SOLUTION: First, a photodiode 5 is formed on a 
silicon substrate 1, and a lower DBR (lower 
distributing Bragg reflector) 11 and an upper DBR 
(upper distributing Bragg reflector) 12 are 
sequentially integrated thereunder to constitute a 
Fabry-Perot interferometer 10. Here, the upper DBR 
12 has a membrane structure supported by a 
flexible arm 15 expanding from four anchors 14 
formed on the substrate 1, and a movable side 
driving electrode 16 is formed on an upper face of 
the upper DBR 12. Furthermore, a fixing side 
driving electrode 17 is provided in opposition to 

the movable side driving electrode 16 on a lower side of the lower DBR IL A center 
part on an upper face of the upper distributing Bragg reflector is a transmitting 




light window 18 for transmitting vertical incident lights on the interferometer 10. 
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2{zi:^m^^ixhyry')-^u-=^W^lOt. m 

tiT^m±.mwL-yy^m^i i , 1 2^mxh 




16,17 '-JteiBJn** 



(2) iH20 00-3 151 0^20 00-31 510A) 



n-=^mt . Mien 1 Rx/f^2mmmr7i^Km 

imm ] mm. i mf^2m^myym^^ 

s*^'H(iiem 1 mm 2 m^mry ^^mmizmz^ 
mmiztitzx*). mm2m^myyym^^ 

MEmmem^ 1 Rx/m2m^myy^m^miz 
^mm t Lxmf ^nx v 1 ^<7)mmm. 

mm. 

[if^«4] i^*jaymi&izm&^titzyithy-(:^ 
2mmm:ry^'mmzj: 'om^^ti^yrru-^ 

Clf*JS5] l-:>(OmiythrH:t-YI,zi^m 

127 r •/v-'<x3^=fmifmmLxmm^tixti 0 . 

1 ^cr)miy tvy^-^-Yt Mznm-th 1 ocoii 

^iiriemi^ti>'^2c73^7RS7'7i/^ii{4. ^iSJisr 
-Yt.myirY^^:^- h'±tm«§ii3tm 1 ^^i/^n 

2<^^}-^SSy7^^^S{::j: m^^ix^yriT')-^ 

u-=^mi:<m^. Htnem 1 &i^ii2 c7)^^fiM7'7^' 
Kmmx h ^mmmw^^tx-mti^ 3 vw^ 
\,zmm\Lxmm.m^^m!,-th^)vm^L. m 

m^ms ] Huisn 1 Rx/m2(7)j^^m:ry^Km 

TJiLh«;^SiaJt#®li■C'-e^^'fi^m§^^•C»-^l.ll* 

m. 2. 3. 4. 5, 6xit7UM(omm^m. 

[it*«9 ] MiE^ 1 Ri/m2m^mryymm 
u^mmm<7mim^^'^h^nx'h o . 



a^jsi, 2. 3, 4, 5, 6. ix\t^^mm.^ 

[19^ 1 0 1 mL% 1 ai^m 2 cD^^BMT'^^'RIt 

^h%(m.^>^^zn\^XX (l + 2m)/4n ({it, 

m : oxjiii^) xiM. mi^\Rx^%2mMm. 
•rvymmmxh^i^k/2n^ ((bl. n^-.m 
lem 1 2 cr>^^mry ^m^mx mmm 
m) x'hhm^8Xii9im<7)^^mimMiii 

1 1 ] OTiSH 1 RX/f^2mmm'/y^^ 

121 BaiB7 * h :t- YiiK U 3 
I. If 1-11 «0i ^■ri^*» 1 JllciemiO^^S^ 

[000 1] 

^ h;U7i-y-lfmzm^^hti^^^y^f\^^i^t& 

-ynzx 'om^m^j:. mprntim^y^ju^^ 
MBit ifzm^mmmizmi . 

[0002] 

SiSJt'fL mW^'fti}m^^iii>Xol,z^j:->X^X^^ 

[0003] ^mi'^x^Mzm^^iyfihmmm^x^^ 

-h\ P I N7:r b^-^j!--h\ TA'^yi/i ■ 7* h 

^wmm'\ti^')^y (s i > *«fflv^<i>ti 

[0004] a^:S7 ^ 7l^:?{4j£^<0^;^^a3ifii5iec7) 
115.6 2 9.9 5 1^ (OT, ) {C{4, ^tU 

yf-WN'-tcJ;S^;^7 'f/P^'j&i^^^^iTV^S. del 
•C«. 7r7'>;-'<o-T^H-*m-rS2o<^:*5S 
7'7i/RI+lffC0±»';*y^WN'-t^-5TV^-C. tfsS 
last i 0^^S7'^i^^SScoSliSr3y hn-;l.t 

[000 5] J|SS|!^^II5. 29 1. 502-f (filT. Ht 
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[ 0 0 0 6 ] i;ft , "A FABRY-PEROT MICROINTERFEROME 
TER FOR VISIBLE WAVELENGTH", IEEE, MEMS' 
92, 1992, PP170-173 {HIT. ta^^l 

3) izii. -^mmmmizni-i>. -^a^w^i^-v^ 

A Yv^ h' (S i N) :<V'rvy\ZX->X^'^ilti2 
*U . 4 4<7) S i OiWtW^m^ 1 . 8 Oc^H f OjliliD 

[ 0 0 0 7 ] 7 r y U-'^n-^^ffSrffll^it^iiSi 
^<^rt$tlTV^|., mtf. "PROCESS AND DESIGN C 
ONSIDERATIONS FOR SURFACE MICROMACHININED BEAMSFGR 

A TUNABLE INTERFEROMATER ARRAY IN SILICON" , I E 
EE, MEMS' 93, 1993, PP230-235 

X\^h. zz.x\t. 7ryu-^p-T*im. mil. 

(O^-V^y^^^-! h' (S i O2) /;K»JvU3y (P 
oly-Si)i:, poly-Si /Si N/po 1 y 

[0008] "MHz OPTO-MECAHNICAL MODULATOR" , TRA 
NSDUCERS'95. EUROSENSORS IX, 1995, PP289 

-2 9 2 mr. mmm5) izi>mM^m^$tix\>^ 

ZZXU. 2.8Mb it/sec. ffmmmifi 
#^>iitv^|,. 7r7'U-'<n-T^tH±^/i:2M«0 
P o 1 y-S i*»4)'5r-:>-CV'>|), 
[0 0 0 91 3t1^aiiltg^^^:^gi:-ri)x;?>T 

X'hi> 

[ 0 0 1 0 1 iI«caHi3g^t:{4ia:+7Jffl*»<5 1 0 

073^iS:;@t®«**M^■cv^t:, ffl^ic7^h^^^ 
nz^m^ti. ^ix^'ti<7)m^^(r>m^tLxM*)iit 

ill.. 

[00 1 1 ] 

^7 -( fi'^h§'<<7)i,<r>i}mft^tix\^lti^. 7 thy 

^:i--¥tiiLJ^7^>uyi}iW^it^tlX\<^X. t*»tife 

mmtix\^^j:\>\ mm. mittc^^mn, in 
mx'hh. 



[0012] m:$'MMmmzmi^iix\^^m:7 ^ 

lU^ii. GaAs^±l3^L:/t:Alo.o9Gao.9iA 
s t A 1 0. 09 G a,. 9 1 A s cO^lUJr^^fiMT'^ 

mm:im.iRlxm&^^hZi:f)K'^^j:\'\ 

[0 0 1 3] miuzmmi3<^m siOttHf 
Oi<^f^mmti*hm^ lt v ^ 7 r t' u -^o-^ ^n- 

a. 7thy-^^'-vtMmit^tixiihi'. tti. s 
^$iiAvjN§ufca6, ^mmmi±ififzMzii. m 

TO4. 3tSr#. *i, Wc03iIfetCtB-SIL-Ci2SStTV^ 
SCOT', jg^-f Lt^T<^. •r^:i?*>ffi*=fM:g5:5l*Hc 

m,lX\^lbifXU^j:^\ 

[0016] *^BJ{i. ±ie«A(:S^. 7 ;r h^-f ^ 
-Hi:, ^^M7'7^RStS§*^4>^-l.7r:/'J-^n- 

aj^*^'s< , Li}^hw.^mmi.zm.tifzmwm.mm. 

[0017] iifmm^m.<r>'m^W£'mit^ 
<^%wmmz^'^yx^Mz'fh , 

[00 18] 

\z. im^(m^^\m.^^wtmMt. '^v^ 
ymmm^^tifz7thy-<t~hb. m7tvy^ 
^- ¥±iznm^titcm 1 mm 2 m^mT-y ym 

#5tcj;01i^$iil.7r7'y-'^o-T^tl-i:, fflEU 

1 mw^ 2 mm.-^^ymmmxhmm-sm»\ 

[0019] wtm(^mm2(D^^m^m.\i!,^ 
{4, minimi <r)mmzii\^x . mi^imfm2<n 

•c V ^T > mimm^m^m^ 1 2 mm.f7 
ymnmz^&^imwfh ^ t i 0 . mi^2m 
nm:ryymmm^lmm^z^\^^^mn.■n^% 

[0020] :m^m-m3<^mM9m±mi^ 

(4, t\%mimi<nmmzii\yx . mmm^m^. "si 
w^(nm^-ti.^mx'm&(^mwi.zi: y)m-^% 
X. hssmi^L . msm^miii^ 1 mm2co^^ 
my^mmmzdpmt tTa^t4.i^•cv^s. 
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[0021] :^^m<7)mm4<7)m^mmiii^ 
[00221 ^mfrimm5ffim^Mmm.m 

^ i[- Y C 1 ocomif B7 r 7' n-T^fj-*<ji^;5 1 

[0023] *%BflcOil*« 6 c?)^;SSt)M^IU§5 
ti, mffeif*3l4<7)^ii£tfcv^-C. #^^7r7''J-^ 

u-=^m^mmhm%^ i sixn 2 <7)^^^M7'7 

[0024] *^BJcOie^« 7 c7)^:^g«TO^{fi^ 
(i, i^'j3>'««^t:Jg«$it^7:}-h^>f5i--h'i:. ^ 

X h ^mmw-^i^Lxmui^ u a 

[0025] ifwnms.msaiw.^mmm^^ 
2. 3, 4. 5. 6X{i7io«^tc 

fcv^T. miami&t/f|l2iO^^BM7^7^^KltSS*^\ ® 
t;f$c7)S^|, 2gS(^M(7)AiT^i!'^^< ^ i. 4'<rW± 

n?>-mi3itcimm'^ix^tim^^tix^^h h<r)X'h 
[0026] ^%m<r>mm9(r)mmmm.'^^ 

mtmsmi. 2. 3. 4. 5. 6, 7X(S8c7)^ 
^tcfcV^T, BtffamiSlX®2i03i-^Mr7i/RI^§5*^' 

'^mm(^%i:m^^^mnx'h^ . ^mmtitz 

[0027] *3%BJc7)ii^Jl 1 OcOjS;RSS?ffi3t^ai^ 

li. iiiieif*Ji8X{i9c7)«t;t3v^r, iriemi&iA' 
>^«0Mc7)Slff*n. ss?-rs3iec^^;gAtML-cA ( 1 

+ 2m) /4n (fIL, m : OXtiS^it) bL. BUlB 
m 1 ^ilA'm 2 <7)^?PM7'7 i/KltSSrPST l.5gM& A / 
2 no (fflL. no ■.mi^\RX/W,2mim:fyyK 

[0028] :ifiWmmim 1 1 OjSftStl?M3t«iaiS 

{4, ffiBii^^s. 9X{4i 0£7)«figi:iov^r, fnen 



[0029] 2|s:|6BHofS^ 1 2 «0«:KSS?S3tSiaiSg 
{±. Itra^JSl-l l^ov^-f^^*H^^fl£^:4iV^r. 15 

mytvy^:^-YiiK mii^')^ym.\,zPHi^^ 

XJ4P I ^m-^^m^Ltziy<^X'hi>> 
[0030] 

m!.^mmmmt: mm^z^-^xmrnh . 

[ 0 0 3 1 ] m {4*^Bjtc^i,^^Mtf^3t^ai^ 

(E) «-e<^BTiillT'ftS. i^U^y (Si ) WS.UZ 

t.-ryirYy^^-Y5^m^L. ^ff)l.\,zTU'ri-mm 
T'^i^mH (TSPDBR) lli:,xr^+yri3 

Lx±.mm.y y ( ±a5D b r > 1 2 1 

^«S»^ LT 7 r 7' U -^n-T^ l 0 LX 

\.^h, zzx\ ^m^mmyy^mam 2ii.m.i 

T-J^i 5X'^^tLr.iy<yy]yymmb^'oxt5^ . 
±mmmyy^mni 2±mizmmmm)mwM 
lem^^tix^^^, tfz. Tm^mzTy^m^ 
1 1 coTmi^zum^mwmmmm i it/^wm^mmm 
mmm i e i^zMf^ txmfhti^ , i-m^myy^w. 

\.zmm:xm%im&^^h tdiy\.z-siwmmmm i 

6(m^^txx^^^£\^^'m^isb-^£-)X^^i> 

fi!llgi!)ffl^lB 1 7 t |3iatc^3t^2: LXh 

50 ) • 

[0032] ^rtJ. mia^fiUBJ^iiifflmfii 1 6co®^ 

^i-{iHiioryxr-i4o±ffit5i#ai$at:v^s. ^ 

L^c i C0-C'J> 0 . ytYy^t~Y5 {zm. 

^i,%%mk\i!,mmmi9tiiw&m\,zn\tw,^tix\^ 

[0033] WiUi.m%m.yy vm^ 1 2 (^istf^ 
fitz^mmmimmm 1 6 ^ , Taj^^s^^/Ritu 

myy^mmx 1 tiSS^^My^/RltSl 2?-PH 

xi>mfi:'^^\mhm^mb Lxmm.T'^^^ 

6 , 1 7^^(^)«ffiWEPilDiCj: 9±a5^J-*M7'7i/RI* 

51 2^t^«:»3-C««tW35l#S-li-r. xTdf^^-yri 

siwmx'th. zzx\ m^<^mM^b:3^r^^'y 

m^TiabLXt=X/2n^<Dmmn-h. ZtlX'O^ 

^ y r(r)mmx'm^<7)W.^^Mm-^ ^ b h , 

[ 0 0 3 4 ] iJclC. la 2 ^fflV^-Cm 1 <^lll<^®T& 

hmmtRmmni^mm-mi.z-y\,^xmm-i . 

[0035] i-f, [12 (A) COiaCCnSS i (10 
0) SMl^lMl-fbL. 1 00nm<7)i^U3>:t^-9->f 

H ( s i 02 ) « 2 1 i:fmmb ixmizm-t 
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keVf, K-Xft{i, 5X10'5cm-2tL/L% CICO 

mmmarnx't^. ^a. m^mfmmmmi i 

tlx. 7thr^:^-]^i:^j:lSi^<0±miZ><:ty<0 

v-xam^t Lxmrnmrnz^ttimm^ix 
[0036] :^mmmmx'ii. 7 * h :j^-f ^- h m 

m\timiz^^ LTV ^^:V^^7)•C^ o cmM=5r 

pm^y^yy^t-YtLx\^htiK i^^>^7=^■ 

h^'f^-h'@{*:cOJS!?i:jaiK^^<-t^f^«>. PIN7 

[00371 i^l^T. S2 (C) cOiot:. -^7.^(^7 

1 St^±gI5^^BS7'7 ^Rlt^ 1 2 ^ L P C V D ( LowP 
ressure Chemical Vapor Deposition) CttOJlSi^fi^ 

\.x%mh. ^ii^mm:fvifmi^\ 1,12 

{±|s|0 ( c ) iOlSfffife*c0tc^ i 3 tSiJf$3&* 2 . 0 

h 7^ H ( s 1 N ) M2 4 tmm^tf^ 

1.5c0i^Uny^=^Hf^ H-^-f b7-f H (Si ON) 
)i2 5 i:^m-ftL^iiC'<r^L:^^^lJl*^'b^ro-C 

\^h, wmx:\th^rtLx\-^h, tti. rmmmy 
^mi^i 1 . 1 2mm-immmi. mm^"^ 

h^CO'i»m.^^-l,Zi!tLX. A ( l + 2m) /4n*>t> 
m^^X^^h (fit. n :#/7<7)M<^S^$. m : OXtt 

^<7)^^'i"L''tlX\^^(DX\ A/4nJ;0SiN|i2 
4?'79.8nm. S 1 0NJ12 5 S: 1 0 6. 3 nmjillg 
LTV^I., LPCVD(7)^^W4. 8 5 or. 0.5 
Torr-C, SiN|i{4SiH4. NUi^mmxbl 
X. SiONMJiSiH,. NH3. N2 05rM*Jf;<f;^i: 

ix^m'tL^m-ti. ^mm2 6Ui. miza^r^^ 

■yr (01<^^3F-f-l 3) trm^tltli'y. A/2 n 
0 (xr^^ ■yrtC-t§/ii6no= 1 ) J: nM-iiiUzmm 

cDpo ly-sim^mmtLx^-t^. mn"^ 

{iOLPCVDfffd. ^^mi. 6 0 0-C. 1.0 
To r rX\ S i H4S:iIi^;y.Xi: tX^'ti>, Z(D 
po 1 y-S ilHif^tC, 02 (D) (Oin<±(I9c7)*^ 
S7'7/Sltl5l 2$r^yy^y{CA-^--yi5^t^v:f* 
liZ. TiMAH (f h7->^^U-Tyt-'>A->'N-f K 



ri 3S:0fig-ri.. ±ffl|c7)*^BM7'7^^Sltl5l 2<0X 
vi-y^iiBHF (>'^'>y7r-h'7•yir) ^^73^^35* 
•C'#l.3&^ S i Nm):ii'y^y^mMim\>^<^T. S i 
NMt::{4R I E (Reactive ion etching) i&^^hit 

izt{>-^mx'hi>. 

[ 0 0 3 8 ] -e L-c , ^tktii<r)mmmxfu-ii-^-)\^2 1 

7:rhUx;^hS:V;^^'fctT02 (E)<7)jD<R 

I E{ziy)mm-h, ^hf.z. %%mimmki9t 
-^mmmim^i etLx Anixn^y 9\.zi.^^ 
th. zzx\ ±m^m7^y^Ritim 2coau{4. 

[ 0 0 3 9 } <J:^;. H 1 com^commx-y thy^^- 

v5±i,zmm-w^tbtz7Tyv-^'a-=Fmi 
[0040] msimm^x^^ hJucD^rmim^^ 

^■ti>(r)X'$>*). 7T7'U-^\:3-'^mf]:lO<7)i7- 

st^i 2 ) cr,mmmti--m^m ( s i nm2 4 ) tmum 

( S 1 ONM2 5 ) <7)^Ti:m^MbitzW^I<Z-y\.^XW^ 

[0041] 04{4xr¥-V>/7'l 3^^L^fcl=<7) 

fCV^I.. ^t3i.lX'(4, #^^Sr7^^ltS{41 0 
^T<^#llSi:Lt■V^-S.. a[:i6 14nm*>ii>6 37n 
mtt'cOraSj^S:, ^^•yr5:2 8 3. 5nm*^fe3 2 

7.6 nmJ2^^;cl)C:i:tCj:-5TliSLTV>|), 04*^ 

^t-r. ^mmi nm<7)^mmmi>zmfz^^7.^ 

[0042] ncof^ 1 C7)|I5|(0?^®13 iiitf . <Js:c7))iO 

mmmi;iti}^x'^t, 

[ 0 0 4 3 ] (1) S i «^ 1 1,zm&^tlfz7^ b^>f 

K 5 i: . M7 ^ h ^-f ^- h'±tcmS$^/iTgSS 
Uf±gPc7):}i-^eSy7^RW^l 1 . 1 2tzJ: m^^ti 

1. 7 r r 'J -^n-T;^it 10^. ^^BS^ 7 

1 1 . i2mx?>M&{:-^i&\mthm}^^ (sim 

mmmmmi e. m^mmmmmmii) t^mix 

^PSr7^'SltSl 1 , 1 2imX?,^t:mM'ti>Z 

bizx'o. m\iit^^^m^M9{mmx'$> h . 
[ 0 0 4 4 1 (2) TW>mimm^m.i^v yRm 
11. 1 2(4. mv\m(r>m^£h2m^<r>m. oto. ® 

^$*^2.0<7)i^'Ja>"^'f (SiN) 1124 
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( s i ON ) jS2 5 ^^ti^'tiwrn^rmtt^mm 

0 \.z'yti:< t> 4 ^TmLn?^m.i3fz^mm.'^ti^ti 

[0 04 5] (3) "rt^myy^KWfmi, 12{iS 

iNii24i:SiON^25 boymmmx\ -BI^Mli 

03teSr 7 >}• h ^-f Jj-- H 5 T'^-f S i: 35*T# I. . 

[0046] (4) ^W^Zfymmmi, 12^ffi 
J£1-|>^li2 4 , 2 5«?)!iJI*^ #^<^lgcom^n. 
^tR-r'5.3K«^«ftAlCjhtL-CA (l+2m)/4n (fl 
m : OX(iei«^) X'M. ^^^S7*7i/MltSl 

1. 1 2 2-BiTSIEil=A/2n, ({HL. noifiiEII 

1 at^n 2 <r)mm.:ry ^mmmx mmmin 
m) t^j:mmm^ixy t 5X'^m- 

m-ox. mmzTymm^i i , 1 2W^x.r^ 

1 6 ai^HSliig»jffl«fig 1 7 ^tC«E& EPJD 
•ri. .1 1 J: OttSlcSiJffll-C'^ . ias^^^^ST'^i/Elt 

[00473 ±iBii 1 <7)iijfe^^?^®-c{s. mm^% 1 

6, 1 7lStcmE^EpjDLTXT^^>yTl 3$:liS 

L, mm-hm^^m{Lx\^hiiK xr^^-yri 3 
cfm^\ 2^«o4>^jii:L-(:^(t. iSEm^t=mff& 
[0 048] EI5{i. imm<n%2<r)%wmmx:h-> 

X. -^rnmk.^'jfm.-^v^wM^A 1 , 4 2*»'i>^ 

l)7TyU-'<n-T^tf4 0^, Si««^3H;j^^ 

[0 04 9] ClCl-C'JS. 10C07:rh:S^^:t-K3 5tC 
Ta5^^?liM7'7i5^^tl4 1 aiX±g|5^^?|jS7'7^^ 
SI4 2c7)a*^<i>^rl) lo<7)7T7'U-'^n-=F^it4 0 
tm^LXm^'^ilXii'^ . 7 rT* U-^o-T^lf-4 
02:8ffl<^ri^'ft;:L. ffl'?r<07rru-^n-T#tf 

i~A8i03t€-^i^?&fir(wSitRL. nm-r^ythi^^^ 

-)'3 5Xikiiii-hXdl,zLX\^h, T^^^myyi^ 

mi^4 1 . ±a55J-^S7'7J5^^S§4 2SJJXT^^ 
•xrt'{±^< . iISiilI<04'^4 3 LT*3 0 . #7 

7r*j-^x:i-=F^imizt¥mmmi^ixmmm.^ 



[0050] ^rfc. TS4J"^M7'7^^RlfS4 l&tX± 
a{^^S7^7^^SI*S4 2col8fig(i, m^Lytrmi con 

[0051 ] S6tcafe5feS:E5«03K:^'<^ hyUT-^^ 

^ if ( 4"i:«6 3 0 n m ) iZXIHUzt^ ^0. 

murmms i on® (stir^n : 1.5 0) x'h*). 

-ecOlJiS: 18 9.0 nm*»<c)2 1 8.4 nmm^lXS 
1 0nni*>^64 0nmi£(7)*:SSr;>!?.'<-L-CV^§, ^ 
(in 1 n m(7)^^mmi>zmit-:^^7 ^)V9X'h^, 

fiL, ^m.(r>mm.<r)sm<nT\^^x'\t. x^^n-t^i. 

^^^iiJ^-X'% Sid tli^S^Srifetf-r S ^ i: imt. 

[0052] ii7^fflv^T. ^2<mmmmco 

(A) OiD<7^h^-<^-K3 5SrJ^Et^v!S 
3 U:Tg|5^^liSy5i?OTI§4 l^Jg^t. -ecOTgP 
:»-?|jM7'7^^Kltl54 1±C:SiONEfO«4 3Sr. 1^ 

<. dti&HE (B) JbmiE) {C*t1rn<^r>y7^ 
lcx-/^yi/LTV^<. x>y^yir{ii/2 0{z^:rv: 
BHF-C1tV\ x.y^y^^v;^^4 5{i:^v;^hi:L 
^v:, J>SliJ¥c0^1^^mm2^SiJfCV^<t, x.y 

i'yy^mniz^ix2'>^:^Tyri}imm^tih» ^ 

r&f^^L. 8fflO^^S4'^SS&1^7r7''J-'<> 

[0053] zcr>m2<r)mm(ommi>zxtnf. io«07 
* h ^-f ^- K 3 5 1 m<o^ifjmyy /RWS54 1 . 

iix\<^hzti,zxn. m^m.Lxmtii&^mm' 

[ 0 0 5 4 ] Est:, *^BHc7)^ 3 <7)mm(7)mmt i 
X. '^v^ymLs nzm^^titiy^hy^yf-v 

my^hy^^- v±izfm^titzT^&v^±m 
mmyy^m^^zx 'om^^tiiyrr^j-^ti^=F 

mmj'y^mi^i:mx i 'pmmmm^^ixi^ u 

mm) 5 3S-^i^L. iS-lryU5 3Srj^Unya«5 1 

ic^ia^iBWtcffi^j Lit«s*t»:g«iajsc c Dmmm^ 

<^mm^^t. ^^x\ m^(r>y7^v-^u-=Fm 
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>flcLTV^|,. MoT, a^c7)lIfjs^S^*>3idS:*, 

ii^-rc:i:-c\ ^^i,z^«7)m^i,z^mi-i>:iti,^m 
xhh. 

hi.O^A00 nm~7 0 0 TiTtitX'<7)WL^Wi^ 2 0 

nmmm\.zm\L. mie^(r>w.^^immt\x'^\i!>x' 
%hXoi.zLx\<^h. fit. ntmm^m^m:ry 

m<oif^^^ixi>. ^x(o^^^i:^^<--rhzbii 

x^^j:^^<7)x. Tmr/^m^my'y mmcomm 
^%:4m*)tL {mt:4mmtth) . ^fm^iz-y 
^'^x^mmm^A^t txmi ecom^co^mmi 

[0 0 5 6] ^StCtit:'::. CCDiOTK^«y 

iXhh. ^■t/\^5 3X'^ii!,UzmzX'0^tfzVM 
a. Mn<^CCDtmmiZT-i^}iLXm^Lti1jmz 

mil. mmmmmm^ixi, 

[00 57] m9l,Zt^ti!,^^?:l6^^y^^JUtttit 

wti>ziitixmt:^ti^thfz^. Wiixmrn^T 
(f . ^ismzT'^i^mmzmh^rmiA^Tt tx 

[0058] zcomscrimmimmizxtni. 
3iimmiifi^titc:m.tii^5 2<oT^m±m^m 
fy ^mmmx h ^^m,znmh'6L^^^i\.^ 

ia/jtmLXtiy-mm:mms^hifXt . isis-ri. 
i}y-'WM<ry'm.^^lJ^^h^t-fm^Xh'0 . \^ 

(o-t/vm. 'i'^mm<om^j:^^miii^5 2a){mi:m 
b X. s (>iz^«7)}&mz^mi;: t t^ig-c 

[ 0 0 5 9 ] 0 1 OiZii, *%BHiO|g4 (7)mMi(0mmt 

Lx. ^3<^mii^mm<r>ccDmmm=F<Dm^'¥mM 
iJHT^^-yrizm^mttimiikmitmccDWim 
m^(^mm^^ix\.^i. zc^m^a. -^xr^x-y 

(HSR) 6 3t*fi5t. -b/ues^^sisseiitc^ 



X. m8(/)t^3(7ms&<mmtmmiz. ccDtorHu 
s&6 5*>'^tt'?>n-cv^s. fflL, ^-k/uestcxr^A- 

[0060] Cc7)%&, igjaifi]S86 4j;'5#-lr;l^6 3{3 

^mm^^ 1 k H zSSc7)Jf &gt-Cliil$^T3te$r«l 
tij-ri. ,0^0, S C i: (c^r 0 . 

(7^%(^m3:^(^i^<^^nz^^'th^}iti^x'^^. z.ti\,z 

[00611 ^^3, #-b;l/6 3T'«lti5t;t3tl;<J: 
itWrn.. W^<r>ZCX>tnW,z'f—9h.\.XWyA,tz 

-nmzwci. wmmx'm^fih. 

[0062] }sLizLfz^%'mimm^m:ryy'm 

LT S i O NlSSrMS^ Lit**. iSSSf^ISi: tT S i O 

[0063] ^}±if%mmmjmz'o\^xmm^x 

%tdiK *^a3{iC:ntc|5|S$til.c:i:=5r<iS^c7)|e 

w^\,z\t.^'mhho , 

[0064] 

'7A9u^i^^yy\zX'0S\mm±^z^\^tz. 20 

T^ft^7:i-b^^^-Ki:m«^t-r§ittJ;0, & 

9, '^^mmzmtit:^mcr)X'<^9h>UTi-y^i'. 

[HI] t^wmzm^wmm.m.m<r)W, i <rmk 

(^mm^n^-fWi^mnmx'hh. 

[H 2 ] m (7)mk<r>mm.cr)^^mmmkm(^m: 

-Hmif^-f'mmx'hh, 

[113 ] m 1 (7^mmmm(^^wmfmmmmM. 
'ifmmbn.mm.(nmm^-fyyyx'hh. 
[114 ] ^ 1 (r>m.'nmm(^^¥:mm^\i^^<^x.r 
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[15] *^BBo® 2 <r>mi(mmx'h -> x . ^m.^^ 

i-y^^(r)^^mtmmmB.<r>m^^m-ti^7yx' 
[07 ] f^2amm<mw>z^-Ltzfms(^^'p vjvt 
X'hh. 

{ms\i^%^m^3<r)m.<mmx'h'^x. 4>sss 
mfr>ccDmm=f-^^-fmi^mnmx'hh. 

mio\^wn<D%A:(r>m.m<^mmx'h->x. ^fm 

1, 3 1, 5 1. 6 1 i'UnyS^X 

5. 3 5 7*h^-fjj--H 

10. 4 0 7r7"'J-'<.n-T*tf- 
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1 3 
14 
1 5 
1 6 
1 7 
18 

1 9 

2 1 
22 
23 
2 4- 
25 



28 

45 

52 

53, 

54, 



[01] 



[02] 



tfPPBR 16 

12 




16.17: Jte*Jffl«A 



n type(loB)S) 



(B) B-f *y*x 



,17 




(C) i>brA9 



21 1 23 " 26'' 



■27X)l.-A-ii' 



21 ) 13 23 



(9) P20 0 0-3 1 5 1 C^2 0 00-3 1 51 OA) 



a. 

r > 
ft 





5VY 















637 

5* -ft i'r^^) 



[114] 



80 



80 



283.5 nm 



40 



20 



0 
600 



3 tWI4 



(A) 



(B) 




31 35 7*Km-K 





2{ 


9.8 25 




30 


8.7 


kO 32 


327 


< 




























[ 


1 














J 


u 








u 


u 







610 



620 630 
cm 



(C) 



(D) 



(E) 




640 BSD 



77r'>-'fo-A0{ 



I I I I', ^'^'-iliv 




A8 



(10) 112000-3 1 5 1 



2000-3 1 510A) 




(11) S2 0 0 0-315 1(M*2 0 0 0-3 1 5 10A) 



80 I ■ 




350 450 550 650 750 



(72)^BM mi ^ F^-M^) 2G020 CA12 CB43 ceil CC23 CC26 

mS^«?'1'*E02Mf-'Til3#l#T-f- CD03CD24 
7f^_y>f:^j^^:y.|*l 5F088 AAOl AB02 BA20 BB06 DA17 

EA06 GA04 GA07 GA09 HA06 
HA07 HA09 



